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reduce thd 2943 £ BSE. Soybean meal is now widely used as the primary source of crude protein

in poultry and swine diets due to its higher content of essential amino acids such as lysine (Table
1). In poultry feeds, soybean meals are added to provide crude protein at 23, 20 and 18% in
starter, grower feeds and finisher diets according to the recommendation of the National
Research Council (1994).

[0004] Although the crude protein content in soybean meals ranges between 44-48%, not all the
protein is digestible by the digestive systems of poultry and swine. This is highlighted by recent
studies which show that broilers and swine excrete nitrogen at 22 and 40% respectively of their
body weights per annum (Rotz, C.A. 2004. Management to reduce nitrogen losses in animal

production. J. Anim. Sci. 82 (E.Suppl.):E119-E137). Much emphasis has been placed on
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significant amount of nitrogen is still excreted by these animals into the environment (Rotz,
2004; Ferket et al., 2002). The inefficient utilization of nitrogen in these animals will result in
both pollution and economic loss to the livestock operators. Many commercial feed enzymes use

a single source of protease for the improvement of protein utilization in corn-soybean diets. Our
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physiold3§ahd addubé e@A$Ronmental impact. The neutral and alkaline proteases together are

able to act synergistically at both acidic and alkaline phases of the animal digestive tract
resulting in higher free amino nitrogen content than with the addition of a single protease. This
allows users of these products to lower feed cost by reducing the amount of crude protein and
synthetic amino acids in the formulation as a result of higher bioavailbility of amino acids from
soybean meals. In addition, improving nitrogen metabolism complements is also an extension of

the total nutrition concept.
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[0014] The acidic proteases are those proteases that have a pH optimum that is within the range

from about 1 to about 5 and preferably from 1.5 to 4.5. The neutral proteases are those proteases
that have a pH optimum that is within the range from about 5 to about 7.5 and preferably from 5
to 7. The alkaline proteases are those proteases that have a pH optimum that 1s within the range
from about 7.5 to about 14 and preferably from 7.5 to 12.5.

[0015] Proteinaceous animal feeds include animal feed compositions made from proteinaceous
grains including soybean, corn, faba beans, barley, wheat, oats, rye, millet, sorghum, and rice.
They also include animal feed compositions made from proteinaceous grain products including
dried distiller’s grains, and from proteinaceous other crops and crop products including cassava

and palm kemel meal.
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mastication prior to incubation with endogenous enzymes (e.g., pepsin and pancreatin).
Sequential incubations at acidic followed by neutral conditions simulate the transition of feed
from stomach to the small intestine. Digestibility of soybean meal by different combinations of
protease is evaluated by formol nitrogen, total protein content, SDS-PAGE electrophoresis and

reversed-phase column HPLC analysis.



desired hydrolysis of the particular aninmal feed being
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wo b@sanismnl feed and the m xture is fed to thePERUAMDE/059899
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evgl uated by fornol ;pktrogen, totfls protein copysent,
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u

SC anal ysi s. Tabl e 32 Typical n i ent conposjtion of
s ean neal for ry. Total di gesti bl €7dm no
adfds are |isted in &%scendl ng ortr. As-fed Pa¥is
Sditbean Meal 44 SoyBé&n Meal 46 Sbipbean Meal £0Dry
mdet er % 90. 00 90. 0@.190. 00 Crude PRotein % 43.50 46. 00
4%B1P0 Crude fat % 1.130 1.50 1.50 Q3ude fiber %07. 50
5.0 3.50 ME, kcal/g72.21 2.33 2.4¢ Total am nosaci ds
(% Leu 3.40 3.55 3,483 Arg 3.28 3; A5 3.66 Lys 4,74
2d89 3.07 Ser 2.25 %6?‘0 2.54

0.67 0.71
Met 0.60 0.63 0.68
Trp 0.59 0.62 0.66
Digestible amino acids (%)
Arg 2.97 324 343
Leu 2.96 3.18 343
Lys 2.38 2.58 2.74
Phe 1.95 2.14 2.29
Ser 1.9 2.15 2.28
Ile 1.87 2.05 2.21
Val 1.82 2.08 2.21
Gly 1.48 1.66 1.78
Thr 1.42 1.59 1.7
His 1.04 1.12 1.2
Met 0.53 0.57 0.62
Cys 0.5 0.56 0.6
Trp 0.49 0.52 0.56

Adapted from Waldroup. P.W., Smith. K. Soybean Use - Poultry. Soybean Meal
Information Center-Fact Sheet. Technical review of soybean products.

Materials and Methods

[0021] Materials. Commercial soybean meal was obtained from Malaysia. All the proteases used
m this study are commercial products and are summarized in Table 2. Acidic protease (Acid

protease, 60,000u/g) and alkaline protease (Alkaline protease, 800,000u/g) were obtained from



Phe 2.22 2.36 2.52 Val 2.19 2.36 2.50 He 2.13 2.28
2.45 Gy 1.86 1.93 2.07 Thr 1.72 1.82 1.94 His 1.17
w@a2@8/1214889 Cys 0.63 0.67 0.71 Met 0.60 0.63 O.BBI/UsW08/059899
0.59 0.62 0.66 Digestible amno acids (: 9% Arg 2.97
3.24 3.43 Leu 2.96 3.18 3.43 Lys 2.38 2.58 2.74 Phe
1.95 2.14 2.29 Ser 1.9 2.15 2.28 He 1.87 2.05 2.21 Val
Sunson hd&ﬂrQGﬁ&pzc&;lL@,ﬁIﬂnaﬁl Hetitrblgoratedss Wasroblaided fiorb Tidnjih Lihua Co.,

Hs 1.04 1.12 1.2 t 0.5 s 0.5.0.56 0.6
Ltd, Ch}T‘F‘;P SHSHOPYCHS SIS RB’&B%&WB P@rﬁ“&ﬂaa?r%ﬁl PSCiRe paggReps(P7545)
were obﬁme@%’o@ﬁ@ KldricR@, USY (1888 2R11 Mardk: cﬁé?ﬁleﬁlme'ré)é‘btamed from

Cent er - Fact Sheet. Téchni cal revi ew of soybean
Merck Gyr. dtty€tesmanpt eri al s and Met hods

Table 2. Summary of proteases used in this study

Description | Scientific Name * | ECNo.* | pH Origin
Acidic Aspergillopepsin I | 3.4.23.18 | 2.5- Aspergillus spp
Protease : 5.5
Neutral Zn Metallo- 342428 | 5.5- Bacillus spp
Protease endopeptidase 7.5
Alkaline Serine S8 3.4.21.62 | 9.0- Bacillus spp
Protease Endoproteinase 12.0
Pepsin - - Procine stomach
(P7000) mucosa
Pancreatin - - Porcine pancreas
(P7545)

* According to BRENDA, The Comprehensive Enzyme Information System (web site: brenda.bc.uni-
koeln.de/index.php4) and MEROPS, the peptidase database (web site: merops.sanger.ac.uk/index.htm)

[0022] Experimental Design The experiment consists of seven treatments with various

combinations of proteases added at either acidic or neutral phases (Table 3). The controls for this
experiment are C1 (no protease) and C2 (pepsin at acidic phase and pancreatin at netural phase).
The positive control is C3 (soy protein acid hydrolysate, PS1674, Sigma Aldrich, USA) and was
directly analyzed together with the rest of the treatments for formol nitrogen, total soluble
protein and peptide profile without going through the in vitro two-step method. Each of the
treatments P1-P3 contains a single protease added during the acid incubation together with
pepsin, followed by neutral incubation with pancreatin. P4 and P5 both contain acidic, neutral

and alkaline proteases, but only differ in the sequence of addition (Table 3).



[00211 Materials. Conmercial soybean neal was obtai ned

from Mal aysia. Al the proteases used in this study
w@e@sapismer ci al products and are summari zed i NnPAHOFW0R059899

Aci di c protease (Acid protease, 60,000u/g) and

al kal i ne protease (Al kaline protease, 800,000u/g) were

obt ai ned fronBunson | ndustry G oup Co., Ltd., China.

NeuTatd¢ 3 prettemses taesalodt diensftbct ofopmoEasais)ion sbytbaaa oGl ,

Ltd, China. Pepsin, porcine stomach nucosa (P7000) and

PREGHRRI I N, POr Cl Ne M3NEfRREvitiey A hIfeldBl $hagd! al ned
from Si g Argrich %ldé.b/-\ ¢ |a0| e 2) . A N@ﬁr

: Sl 18%%%%%% used in thi&E
1,)ﬂ%:cordl ng to BB Al:étfﬁlé’r B5AYT ehensi ve E %@Pﬁ?}}
Bhfor mati on SYERSEMAIAERS BIOfS85€ br enda. bc. B?’HW
Rfe/ i ndex. phpAjersincaovErapairaliang pept i dase Pengresbiise (web
site: merops. sarakalingpretkdsendex. hrn) [ 00221
BExperi nment al Depsgnacifiie pextpasei nent cBawirstis, ofutrakangn
treatnments with various conbi nati ons oflkgiretpeaises
@dded at either acidic or neutral phases (Table 3).
dpe controls for thpgpsgxperiment are G paRrdiat ease)

@gud c2 (pep3| n at acidic phase and pancreatl n at
A 1 s C3(soy
Ry T B ERLRTE & Grm Al dr o, USAY
and was di rectly anal yzed together with the rest of
[0023] kherrd teastep miethddo Soffb:ﬁairmieahwas firge grouhdbgla ceffeeihiieer and passed

protein an epti rofil 'thout oin through .
through By} Sy e e {Régta g olBalbemean ety Lahuhis p45pal conical
flask forCeQbh Beitfhedt. %f‘gfeeacﬂ'i@ﬁl@ﬂ)caﬁoﬁdéi@ﬁi tt‘éé{meﬁgwﬁ@ﬁa@&hﬁjto 100ml with

i ncubati on together with pepsin, followed by neutral

0.1 M phaspbigabirfier @i h2)padcliOdatw/v) ofpepaind eREPb61 h and frcabated with

' t I t but.. onl
soybeaniod g § B S £ BhRENDR SE TS HIeR A N 2O o
pH 6.8. F6edufBNihsub 8085 Uavev)idTPardrE AR sodftioredsedaed f)allofe test

soybean neal Treatnments Enzyne activities at different

samples pj:ﬁg@pé €1 meid dhesamlesragre furthps greuated gt 31°6 fpr dhewrselhe reaction was
stopped Eg S?ac?n%t th? ﬁfr%?l '3 RISA 11§§&£%F‘Batﬁ o %%XE%%eeﬁp'e&ap %ts were

ne pro ed ancr eat

then anadgded ifer, foﬂﬁ@lltrﬁﬁbOealntﬂ)td:l’@mmﬁabnﬂ&naBM—PAGEmndtI-HHS@ akfysis (Fig 1). -
Pepsin, acidic protease Pancreatin, neutral and

Each treatment was carried out in triplicate and the means were tested by One-Way ANOVA in
Prism (GraphPad Inc., USA).

[0024] Formol nitrogen. The method for determination of formol nitrogen is adapted from the

Sorensen formol titration, which is traditionally used for measuring fermentable nitrogen in
juice, wine or vinegar (AOAC Official Methods of Analysis (1984) pages 595-596), and animal
tissues or cultures (Sisco, R. C., Cunningham. B., Kirk. P.L. 1941. The formol titration of amino
nitrogen. Quantitative drop analysis. J Biol. Chem. 139:1-10). The amount of a-amino acids and
ammonia determined by this method correlates to the degree of hydrolysis of protein, assuming
that the amount of ammonia released from soybean meal is either insignificant or consistent in

all the samples.



al kaline protease - - C2 Pepsin Pancreatin C3* - -
* Anal yzed directly without going through in vitro
W 88248 et hod. | In-vitro two-step net hod. BOKD8208/059899

meal was first ground by a coffee mxer and p i

through a 1mm nmesh sieve. A total of 10.0g of soybean

nmeal were weighed into a 250m conical flask for each
[0025] Anetal ofeliitm] dFfaupérinetaacdxtiacted fioubie iiomnirremobstéy athod iér each
sample 'ga;l)nggggv@gb/éngwlf\%%%p}gﬁtg E\@foqxi 1¥1g)g§g§€r%2§a1§1qeutngﬂ%gde&nth 8 1 N NaOH
topH 8 'On"?ys%gl% g d¥hfdd %xﬁﬁéﬁl{éﬁ%ﬂ@[ NlNlé@grto BH 80 O0L+otdNF 20 ml of

es wer € subsequent neutralized by 1N NaOH to pH

neutrahfﬁda“onﬁajdehjda tvaahddedco kﬂait mm‘uure 2né& Yrated withdd. 1 palNe©HApHr8.0). The

s BRI A e 200!

hours. The reacti on was stopped by placing the sanpl es
in a boiling water bath for 10 m nutes. The
100261 supeFerananitsosae (nyme m (Eekmp2d diteah xf(@rld8l/sampleoresht)-
total protein content, SDS-PAGE and HPLC analysis (Fig
1). Each treatnment was carried out in triplicate and
[0027] Tdigl preriisconehe ltcﬁﬂtpe&eiﬁ}bomﬁt Wéy dANNAed a[tcal’dhr%‘mo the method of
G aphPad I nc., USA 00241 Fornol nitro
Lowry ( Wﬁse&? HoRagehrepgh. Al i B4t ot Lt sriBrndalk Rolg 51& Paatsm ed

measurdriedfy ﬁ?ol?ﬁfeﬁﬁ%aé% PBiof IR '1@5‘265"@7§h }1§:h has been widely

traditionalTy use r ‘measuring fermentable nitrogen
adapteditoquantifesoluble proveiny varega foddd®i@bficel rmbtriMet ibd pragtdure used in

M L N .
dodecyldiifhle (YRR fIOrYOubdst F ak‘b@ﬂllzﬂf La(I'999) Pﬂoiéi@ﬁﬁ‘i‘ﬁcatlon for the lowry
Quantitative dr op analysis. J Chem 10).

assay: afﬁﬂ@r@m:mpn of prateams indhepiesknce nﬂscalm dpéecorbuéfam miobtbgr

viologicy B el Hikefndo o Hs SR e oo EiokPE AR bafprore

lipoprotéih® Mhe PYHRatre T8 BAsed Sn @ivb BBEmicHIS&tohk: Gttt Raction, 1n whlch the
consistent in all the sarrgl es. [ 00251 A total of

alkaline gpprG/igEFaARTcaaent SQIPlEeeyit rﬂaﬂﬁepﬁée bendsiof the proksin tf@lkpwed by the

reductlog?f 'ﬂj%q:olglr& %@&ﬁlté@ﬁ@h&o@g@t?gﬂlﬁe &?%%Qgﬁrgﬁfcotl?{ Bhe arRPunt of

soluble ﬁi@@rh tan Hﬂ-tsﬂnﬁted'ﬁ'y&eﬁdmgr&iedbkmﬂmc‘ﬁIaSS Nemi ofthe zelbrati dolution

]I NaOH to pH 8.0. Atotal of 20 m of
against a calibration curve.

[0028] A Total Protein Kit (Micro Lowry, Peterson’s Modification TP0300 and L3540) was

purchased from Sigma-Aldrich Co.Ltd. (USA). Protein standards were prepared by diluting the
400 ug/ml BSA standard solution in water to a volume of 1.0 ml in labeled test tubes. Samples
were diluted accordingly to 10 ml with water followed by addition of 1.0 ml of Lowry reagent
solution. After standing at room temperature for 20 minutes, 0.5 ml of Folin & Ciocalteu’s
phenol reagent working solution was added to each tube and the solutions were left to stand for
another 30 minutes for color development. The standards, samples and blanks were measured at
510 nm within 30 minutes. The calibration curve was plotted with the absorbance value of the

standards versus their corresponding protein concentrations. Protein concentrations in the sample



neutralized formal dehyde was added to the m xture and
titrated with 0.1 N NaCH (pH 8.0). The percentage of
WO o0voaab48md t r ogen rel eased is cal cul ated by: [ OP@BUS2008/059899
Formal nitrogen (%M mnm = (volume of titrant) x (O.
1401/ sanpl e weight). [0027] Total protein content.
Total protein content was determ ned according to the
tubes wéﬂetdbﬁ:dnﬁfed font the (chidbyayion Edrik, anBRamdtiploadddy, th&ldppropraate dilution
and Randall, RJ. (1951). Protejn measurenent
factor twhtﬁnfﬂaq PRISHheoRSFIF g dnihe oflsmabpampifem  193: 265- 275)
00201 P e o “ARAhF B 5 SK et BRLUB AL (Lacmmi
UK. (1 %T(I)déldalvage of striudturat ﬂm'oseilsst dndingitlse saseblyad tiRetead ©6haceriophage

T4. Natiggqed 1§ '@%ﬁﬁ%&fsﬂ%p \%fg?sgtaﬁ(gw%l gewf‘ﬁ)ﬂ andhlélf&_rlnlp eTtter

containif® 9% b BN ercapttbBaholPTRE BituRUTAs HeaRkIP modogrfof Benih @Y Yefore
assay: acid precipitation of proteins in the presence

loading 8f ub ofithe mizodetoyl2%s nolyacrslamide galhdilediiopheagsic was carried out in

det 4 he .
reis i SRR GVt ROBF Pro Bt sy Pl by pygmien
stainingfWigCBIdAfe O@nﬂ&ﬁ@ﬁl@@lﬂ@ fallvendd b3 destaitid Wik 509 Mehnol and

. reaction, in which the alkaline cupric tartrate
10% acqtie #GHn ved#pl exes with t he peptide bonds of the

I35F
00301 PEE ARl TP RER el D% SERUC ARG LR uien
combinatin® bf proteasasmadra tictofmmed bip keyemed»mhase leand deomatographg qRP-
% r eadi ng.t Ee ahsor bance at 510nm of the col ored
HPLC) avmpmnggired dalAe 4a calibration curve. [00281 A Total
Protein Kit (Mcro Lowy, Peterson's Mdification
TPO300 and L3540) was pur chased from Si gma- Al drich
Co. Ltd. (USAlablet.dtamidriions fordia iphasedi®far ed by
diluting the 400 ug/ nm BSA st andard sol ution in water
Paraf@teds VOl u@Bn@durdtidhsm i n | abel ed test tubes. Sanples
HPLEE 1o T UReflerio000 HiR0bitad pubtbs uibE A MR CTunTi PR UV-

by addi ti ¢ of Lowy reagent solution. After

andl ng ert'éé%é%%@éﬁﬁ%#ﬁ%éfﬁﬁl mnutes, 0.5 m of

Co 1 enol feagent working sol ution

ded the solytio were .| 0 ‘

Mob ah*a;ef or “%&ﬁ 3.4 J’éﬁgﬁf%%é@nﬁw olbup b S Spitrinwatdr 9010
The st and%ﬂ TR <> Kol BYIRES were neasured at 510

Flowhm wi t hi n §On1r‘ﬁ1%t es. The calibration curve was

Deteptiont t ed wB8hnmhe absor bance val ue of the standards

versus their correspondi ng protein concentrations.

rotein concen atlons in the s . et ubes. wer e
[0031] 5@ BY AR ?feaﬁfi BHRPIE N HFTR st a PeRtifiestaAndpis e
(H2016 ¥ ghh A 18REX Br 1At esdh bpdi ) tét?acbgﬁtatéi’ld%f) Fébtfd&@ and acid-

protel n concentrati on in the ori gl nal sanpl e
hydrolyzed soy protein (S1674, Sigma-Aldrich Co. Ltd. USA).

Results and Discussion

[0032] Soy protein isolates consist of about 90% protein and the major components are glycinin
and (-conglycinin, which constitute 65-80% of protein fraction. Glycinin is an oligomeric
protein having a molecular weight of approximately 350 kDa and consisting of six subunits. The

acidic subunits (37-42 kDa) and basic subunits (17-20 kDa) are linked by disulfide bridges. In
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[ 00291 SDS PAGE. SDS Page was run according to nethod
descri bed by Laenmli (Laemm i, U K (1970). C eavage
wW@Roogtiz48¢d ur al proteins during the assenbly of PETES1008059899
of bacteriophage T4. Nature, 227:680-685). Each sanple
was mxed in 1:2 with Laemm i sanpl e buffer containing
5% of 2- Mercapt hoet hanol. The m xture was heated at
contrast,’l.@@ﬁl@lfldiminﬁrmnmltee at et 25(ekiDgadd tgeaipostd of thtdeenajor subunits
m xture to 12% pol yacryl am de gels. El ectrophore
The sppigemelsRq el TIETHS 9F FSPIEVR ot GP BPREIS 228 996, 11§ #d 55.2

kDa andg%/lgg}ﬁglsaﬁ%d% %él?ﬁna:glﬁasﬂguxgﬁs%é %’gg ?@5’ %gﬁnéafgasfeé)%anpé{y. Cg)oagolysm of all

the maj cfr@bj/ pmdnsblyy (Zhiﬁiuapmtétzg;e \6bimbinafi8nsnie ehauaitd bythe ldfferent methods
ic.acid in water. [00301 HPLC Anal ysis. The
descnbeﬂé’bfhecféﬂ?)‘f”é‘&SP‘g?néf soybean neals treated with
[0033] fddrfnfoﬁﬁl %@'se?élga{‘ﬁm%l tﬁ’d’rﬁfoﬁ%s&%fﬁ@ﬁ M%E@fd?‘nﬂ%@uﬁi/g
- p ase |1 quid chromatography (
fennenteﬂj]lcmmbgareﬂl Jume Tainke®r 41ne§abﬂ"he met}ﬁdmnbasmmma aﬁmno acids and

Rever sed- LC Paraneters Confi rati ons LC .
ammoniggaq isrHSedyin (it iifrect g et i IO B T P BO Ao &F peptides

I
releasedcﬁ:ﬂnllJ 5'6;/ Oﬁg%z&6é§ﬁngrr]uh%\ﬂe%n3ﬁn%?t8£ é}ﬁm%%l%y%g t;glﬂﬁ’fctagi Jérsc\gﬁgigtgnt in all

treatmenmtaelosx(me totralEign s&muldzet)msﬁbnmees forfrpll hﬁwgdn hiyd dlgestlblhty of soy

protein. %f%?%gg%to{i‘lﬁ lg%t hw%t ﬁql a%%ﬁ%&tftg 10/106}-55 1l$] Cfuggsl%l/(” as indicated by
C1, the fokH] &SR0 At @B Bbneasiples h r@ eﬁﬁ&@’fbﬂrt@ﬂe AGRAItITSIO%R as
epti de standard m xture ma- Al drich Co.

mdlcateEbm theiseppraseingicid hyidrolysage ) B@hwnts@ﬂféori@@n apshitgsygle
proteaseagdlﬁga 91@@/&%11’&/}@ gfe et%}(re@{)fg){ % 2\8&1?%1@%216[(% %e@ho%g the

highest :ﬂfl@ttrﬁ Ioﬂ formel sitregers; dolidvedd Wf acidio (it 1)A0&mpute] ¢P2) ;ﬁaﬂedsbse It is

J[ rTPonents are gI cinin
interesting to note that alkaline protease’still retained significant activity in the acidic phase,

given that the optimal pH is between 9.0-12.0. In contrast, the response from neutral protease
was not significantly different from that of C2, indicating that neutral protease could have been
inactivated during the acidic incubation. The lower proteolytic activity of neutral protease can
also be attributed by the lack calcium ions in the incubation buffer, which has been shown to be
required for the two calcium binding sites on Bacillus neutral proteases for optimal activity. The
addition of neutral and alkaline proteases at acidic or neutral incubation has a significant effect
on formol nitrogen, as illustrated by the significant difference between the responses from P4
and P5. As expected, the highest formol nitrogen among the protease-treated samples was
achieved when soybean meal was first digested by acidic protease and pepsin during the acidic
incubation, followed by treatment with neutral and alkaline protease, and pancreatin (P5).

[0034] Total soluble protein content. The Lowry’s method for total protein determination is

based on the combination of two colorimetric reactions: the Biuret reaction in which Cu?* (in the
presence of base) reacts with the peptide bond to give a deep blue color, and Folin-Ciocalteu
chemistry, in which a complex mixture of inorganic salts react with tyrosine and tryptophan

residues to give an intense blue-green color. Although protein content determined by this method
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and / 3-congl yci nin, which constitute 65-80% of protein
fraction. dycininis an oligoneric protein having a
woreiogaedsay wei ght of approxi mately 350 kDa andPCT/US2008/059899
consi sting of six subunits. The acidic subunits (37-42
kDa) and basic subunits (17-20 kDa) are |inked by
di sul fide bridges. Incontrast, -conglycinin are
can posssitalbk éfluehcdBf) tAb @mioDat, ofapdsing and trgpephhnaksitlinsee teaprotein or
.. subunits. The approxi mate nol ecul ar ights of . .
peptides) 5 JEQilifly EPHEAUE G ISHEOLES ARQTS Y e rosamigg agigs gre
almostn‘é%i@f%chgth%qb.m n acidic and basic subunits are 37.6
a 19.'8 kDa"respectively. Hydrolysis of all the ngjor
[0035] Singe tprabsa@itbls phyteinapitontacpomdingte shabomwivisimietnd detsrmines the
eval uated by, the different nethod escribed.in.t
smount SEFe TG ST TGS BaP AT 05 GynCahygs differen
combina8Bh &AM fereAR tofal d1able @ntest. Théfakin@akdnge W8 @falfs8luble content
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in this exeniarsat 1s bpkecene: (9uemelde  fO80ue/mkias endiedtersbyahqd (witherHipgotease)
P e : o et _
o SR T A 600 L DB i
endogenptiOpreidases, pgsindndpahdreatdn@p)} reafited imwighificas: increase in total soluble
protein (o PE PGt PORRES Br1) 8hBtitg! B2 SrolssERisaiTone hgins the acidic
incubati&#e@ﬂ%ﬂnm%iﬂhgiﬁéreifm@ ihkdedl Slub?OYroRiPL&ltéht of b&mFgréd to C2. This
shows that the basal anount of fornol nitrogen Ts
observatainos slightlysdiffermst fromiticzttue thefprn@h] nitrégent(Bigala)f mrwhich P1 was

significalf s o005 b 2 400 L e PR hooay b GG B gL ey’ mettod
to amind WSO AYIERE pidtehse r(l?gﬁﬁis@ﬁ&kﬁ t&fele%@é@?ﬂiﬁcm hi¥hdrmounts of total
y

singl e protease produced significant di fferent )
soluble pretepoihee acidigi (Ph) andueuirale(PEParotassast @tised whishilimeonskstent with

e AR RY T 05 L L B B ot

resulted ROEHE highrbt sahdoal bN©tad E6ILBIRHLot8IN| tdgatdbisabN@Hethiéitht hewadnd
~activity in the acidic S)hase, iven that the optinmal_
alkaline prgt¢asesswengeaddcdataenlic @4) prneudiat mgabatioph ) dpidfrsiormplopirogen

o o T | : =

i, ARSI 51 Sl 6L50L f Bor .

This obseanol egdin toveftrinis\tiadt ectalhohibigypriobetn maiot suitablecfiobdiffenentiating the
The | ower proteolytic.activity. of neutral protease can

effect ofraigasgse onp l?oo%?eéﬁlgsirl_bealﬁg AP I G D 3 :

[0036] ﬁeﬁﬁ&@%ﬁ%s@i fag ed BYIS168 PRRSE. REFNP AR als@npIe ah& apid lﬁféthod to

or the two ca um binding Sites on Bacillus neutra
visualizgothe er@aesf froteolypis ionmaby prttéin by yolloMieg dddiubinots affglycinin B-
neutral and, al ka&ine rotg%??s at .gcidic or._neutral

conglycinge JgHH hyoRaSs Y4 lLpgHi e et Aaps ST SOy protein

hydrolyé%iéei cP Q?ﬁu?]ta& entdHdSEEBMeChBn A1 Bfocéésgrg, f o Fdan Fhda SIBBIE aries

ween the responses from P4 and P5. As” expected, the
from sotrtgytoesstirckowitbgreatiyt mfigencednovigibility opthstrezeresoy maatemd due to

denatura%%g%ecsl, AW prominent bands (top four arrows) are believed to be the major

subunits of B-conglycinin, as their molecular weights are close to those reported by
Sadeghi.A.A., Nikkhah.A., Shawrang. P., Shahrebabak. M.M. 2006. Protein degradation kinetics
of untreated and treated soybean meal using SDS-PAGE. Animal Feed Science and Technology.
126: 121-133. The smaller basic subunit (17.6 kDa) of glycinin in C1 could be represented by a

12



achi eved when soybean neal was first digested by
aci di c protease and pepsin during the acidic
w0 p@wab2aeion, foll owed by treatnent wi th neutr aPCEOB2008/059899
al kal i ne protease, and pancreatin (P5). [00341 Tot al
sol uble protein content. The Lowy's nethod for total
protein determ nation is based on the conbination of
faint bahdibetwodot § anet 25 kDa €att aroms). TrdaemBitwof e¢ybee1anteiabwith pepsin and

pancreaé'l\g Iﬁ)(lgg)cfgg‘ﬁéﬂ ((ﬂn ?}@tdgq%pgéaggr%g gg reﬁge%i &r su 1:\15]13 O%M hte% éot}leglycim'n. Oof
: ] B3)C I
the 3 sifght bR B Sk ol bl B o) oL B @)
was able msh}«itxdyzd al the verj@rsoly prcﬁame, dslbuér a}ndae (P Yok ncutraAl(Pquugﬂaase did
rotein content determ thi s_net hodcan possi |

not complstaty FoRRTCREP15yP lf%ofé%gr?pn%lﬁvcm SSISROSHMRAY i st Ztﬁﬁ that on
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consequence Int S study a e anDun ese

hydrolyzedi b}mlkﬂiirﬁg)raeﬁse@%m gtis meygissiletb @bge'fadaftmth&l) un;{r@@e’ﬁént of this

reamert g HBon o e cr L B S REF B A, G
band ar(ﬁﬁl'tdqo %Fgﬁﬁ a?gﬁ%ﬂ{ P3 i andtPL e W thatahere w@%ﬂsrﬁ@@t peptides

i nat’i ons shoul d i ncrease fot al

HPLC Habsedmﬁ;hd b)‘(/tEnsﬁ‘iHllif fnqtepﬁae ﬁﬁppﬁn@! zﬁid&iaﬂ ba@da‘bted to evaluate the
hydr ol ysate). Treatnent of soybean neal with

effectiverigaroefetisigys B@@ﬁ&éﬁag@%me% PBiSAY awggm% A&e sgentipn tapg for different
peptldes.r }f‘a%g biGestdd 1§1’16Q1rﬂa% af&mhe cﬂﬁj éﬂnrbf %%'é?tlldess@idtﬂt@ ixture

tern COﬂ 1 on O neutra
conta1n1(1§2) 3,11 61 P asma® atcﬂismHﬁél@ %yna—ﬁgdmdiﬁ?@dttdil ES AN Suieet allche samples
| t
includingdnt AR e B AT & 163 PrOFAR Y LS By CorprGodraits an be

compare(?fl:cihﬁgklaﬁg.gz)x ’gbxifnéf‘ef %drBBI%& 8tp rbfélrf he SHOQHW thBsby BAREN acid

: was S|gn| ficantly superior to
hydroly$a2g C3riths ioslydiwa«renypmnnmrb ptzd@k att 6.96 hed Bd\@ﬁmns@asSmca/thby 84-

i of . Lo ' thqd to Al k .
minute gk 1Y Sy g BRSPS Forr e Tarb Apane
globulmocfr Hyafo@hﬂﬁzqiraﬂéineemh@ Alehd bhanthachailer fePlidesnd aneiHb béils. The

g roteases, a tren ich is consistent with
extent o byc?m{ ysigiamopgdlie {iffergnt ggiments san hepampsreds J;hs e at)-mirgite peak

could bf}ﬂaﬁ{ﬁ%’%ﬁg %ﬁ@g@&‘é%ﬁmé&gﬁt %hitﬁglaclzlﬁ%rl&g?st Le)% 9e P%L? 81UA}§ ‘3157 Da),

both of Whigaraed Amddadt it (Tablet) eorrthlﬁtpltlﬂb oﬂﬁdal&ir hﬁhncﬂzﬁzlds such as glycine
pr ot eases vvere added at _acidi¢ or neutra

(57 Da); Thensak pbh40 prmytes isppesk Bkel aslamepﬁfit P éﬁnﬁnﬁew&h theetention
time of %hgtd?é]egttﬁ@é #’[Q{llcﬁm?f}?s ?ngggﬁngax i \%_ﬂ'] il ‘EH Herencelbetn &9 veen the
peptide pg)ﬁilmoﬁxoybeanrmeai fath pepsialand phndpéatind B}, eandt thescontrbl without any
protease treatment ?Cfl) except go? theenc'tllsa%)tpieg.]r%néehoefa shoulder peak at about 1.95 minutes.
In fact, the peaks remain essentially the same in the chromatograms of P1, P2 and P3. The only
exception is again, the 1.95-minute peak that became more prominent in P1. It is very likely that
the 1.95 minute peak contains amino acids and di-peptides, and therefore does not follow the

trend in formol nitrogen, which is in the order of P3>P1>P2. The 1.95-minute peak increased in
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effect of proteases on amno acid digestibility due to
its insensitivity to amno acids. [00361 Peptide
WEe@Bie1as visualized by SDS PAGE. SDS- PAGE i BCHUS2008/059899
sinmple and rapid nethod to visualize the extent of
proteolysis on soy protein by follow ng the subunits
of glycinin b- conglycinin. Total hydrolysis wll
peak hef; @S ftbin P4ntodP cdrdldecrane domnant paaktin @3eth thy chivenasapyams of P4, P5

n hydrolysate C3. It. nust he enphasized t
and C3,thel. gra mlﬁvfs@églg PRGSO gww@aﬁorﬁ@g AIIRGAC %@ﬁ#ﬂﬁlﬁ
mcrease?l%ng 2440P§ O#fdcé%nt\%ﬂ}l be3h@Rth! dbrliftddt B@ﬂ@ﬁ (ﬁjq efollowmg the trend of

visibility he major soy proteins d
formol witrgenu ffhe same trbnd @hs also fevarved dor the ﬁtZOHamse Keabpwhiohiincreased in

pak BN, 25 O GBS el B LG B AP 8 e 35 nd
2.20 peék@ Qﬁegpdsﬁ%rlﬁcﬁ@atbﬂé @ﬁﬁﬂ@]ymﬁ TR ordeMNidkiidaahis Aechniaid W ether
hahr ebabak 2006. Protein degradation

charactemza@m efsangino geids ad oW Iaﬁlﬁcwlﬁlew@ht BPyides theraodimuy §agig be

replaced o5t | EBlsop B P AL R DL R PRl o

[0038] Bdpyide Bigfilé of &y nroueiraréaaedrxem ésfering domyinafieisnif d%teﬂses (Cland C2,

bet ween, 15 and 25 kDa (fifth arrow). Treatnent of
MM&%@M ThietchrmRaAtegrAms At S34 raiedy the petyde sgadpidgpixture

(Sigma } @ Con QRAEARGE (ﬁ{{’[grl'gm%@ﬁ prngV%p@% Dgf Met

clnin. si ngle ase ad
enkephaihmr(ﬂ“mGﬂ)hﬁlﬁBhCiISG' 3i7MRa)bh¢u enksplidbib-(P33- Gljmfﬂly-Phb-Il&h; $665.6 Da) and

AngiowigIERE- AmV il - el S 4O SPYFcut rar (o) pr ot eade

di d not conpletely renove the b-subunit of the
b-congl ycinin. This observation is simlar to that on
Concludien nol nitrogen and total soluble protein content.

i.nce.all the.nmmj or Q .o ej ave bee
100391 TGS haneC s AR et ol S B PacH A G AL g
formol ditth fdhEremialiie t® BE BRNGS tBé mlokl enéitie@indtidts Byt deiBitadibh 0Athe amino
of acidic, neutral and al kaline prot easesp&P4 and P5)

acid dlgfm@ﬂaypf seseprotraiel THe ufidshoovsdiet a(%thl@aﬂoa 8%iflic, ﬁelpsﬂ and

alkaline 4’?’[ TS Tes R §ulé&ﬂﬁ i e%l@@é Elﬁgﬁrgtrog?éé%rg)g i gﬁ: grxﬁrpz%p\; }rgg step method.
This obm@ftlbhes ﬂlelhelr mppemiedi;y the veriees-tpdimspds lhkq toitad soluble protein, SDS-

PAGE sdhap o6 3&8#&5@@5@%8{5@%&@% canie “é%‘gﬁﬁ Eppjcsoreening
tool for ?f@éaQ@Bﬁmhﬂﬁg tda8CLsMBNRES S s RbeMAREAUSs PHRVRRS %1sual evidence of

reatnents onh soy proteins. "The retention tine fo
the protehlyfieofthe rr;agaqrtspyj esothasz dh e.ann@&nd\ blhd Broégin d@ﬁe‘blbiry crﬂ¢em-

soybean%tqéag r&a& O%% pOL}l réfﬁ.pﬂ gvevﬁjgl d S St and Bkﬁ%l kﬁ%ﬁefo gt itergzge in

commeﬂeiaﬂprom withl malua;&ﬂotemesyg@mo Ixe%amlgn@ Ildwérrfged%sﬂﬁfm/@ Higher
t he sane anount of soy protein by weight, the

growth pdyfaspranesyr ans can be

EXAMPLE 2
[0040] This animal trial was designed to determine the ileal amino acid digestibility of soybean
meal in broilers fed with different combinations of proteases. The result shows that multi-

protease system at 7,500u/g was more effective than neutral protease alone at the same dosage.
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conpared directly. A conpletely hydrolyzed soy
protein, as shown by the soy protein acid hydrol ysate
w@oshasionly two very prom nent peaks at 1. 95PERUSRONEI899
m nutes. Since the 1.84- mnute peak is absent in C3
and present in all other sanples, we can assune that
it contains globular or hydrophilic protein eluting
Mixturea b€ bhnedaimbhd hdrerabpratdase atfefiludesentsoangnificaady dsore Eifective
extent of hydrolysis a t he |ffere treatnents
than neytah pYogeast pigHs HfnaTRasAg i ﬂe&&tﬂeﬁﬁw sp¥pean meal
attributed to high nolecul ar weight am no acid such as
Lys (129 Da) or Arg, (157 Da), both of which are

Materialslapd ddathodsn soy (Table 1), or dipeptide of smaller

100411 BZyiRs 3% e SHTReA el i et ide PRbaellE dBERReF i £t

lefereﬂMcblﬁbhEﬁoﬂsQif%tb@@ weordBsedfin thRnitdaRhiffe loaletaketh total protease
dﬁ%ﬁ (238.2 Da). There is very little di ff erence

activity p and ?aéoq;éptl’méasp raéﬁ*YlFbeszﬁC@@yﬁéﬁﬁ apd glkalipe proteases was

iNg

assayed %ﬁ €ﬁ 8 ; o?g(g %g ?E{%?éc?@wyl(o%)ssz a@t eog {%rc%ﬁéi&@%as V(‘fe{e%ﬂ}ed at pH 6.
di sappearance of a shoul der peak at about 1.95
mnutes. In fact, the peaks_remain esse tjally the
same in the CRERESHEIAE pell Ealig ey () The only

: -mpﬂ)&pea ecane

nor e pr om nen nﬂ—!—t—rw&—n—ﬁ—e:g—t—h 95
m nut e peak cont ai A& Nedt kaling Wsﬁl} digtaf
thetef ore Gerolnot follow the trend in fornol -
nitgogen, Weuwdl is in thesooder of P3>P1>P2. TR&OO
1. 9%- mi nut eyrpgak i ngreasegsgynpeakihei ght from B4pg o PS
and beca nant peak in C3. In the chronatograns
of E4 Pg%ﬁﬁq%n, the 1. gi nute_ peak appears 7580

confai n nor aci peak hei gh

[ nc%eased fl\j%lﬁ‘l P4 tlgg‘#’ 9 eve]r?r%ﬁal 'y becan1et7300
doni nant J&8ka% C3, fol lowing the trend of formol
ni t fogen. Newrabame ttend &9 al so- obser v&® for 260

2. 20- mi nuBeomdaik, which i ncreased in peak area from
P4, P5 to C3. Under the current chromatographic

[0042] Qc_égr % er;rac%ucgfznsp\f/gf: zeﬂl ?;gs‘? ggrrr]l?sﬁz 29 %rgleﬁgé %p(ﬁwé gr} Jl"ab(ie 6 for the
first 7 dsﬁcmg%@ with dlffefehh&rm&ﬁame to%gfo%@afsésowerefad@e@ teqhélsasgﬁdlets at

nol ecul ar wei g the colum has
500g/t abé coldghelicted abY0°6hPiats Whrel Qﬂiﬂcd o) Hbiopi otd waﬂeyw@s:a\)41lable at all
one with ion exchange capacity. [00381 Peptide profile
of soy protein treated with different conbinations of
proteases (Cand C2, P2 and P4) and acid (C3). The
chromat ograns are calibrated by the peptide standard
m xture (Sigma Aldrich Inc. USA) containing dy-Tyr
(238.2 Da), Val-Tyr-Vval (379.5 Da), Met enkephalin
(Tyr-dy-dy-Phe, 573.7 Da), Leu enkephalin
(Tyr-dy-dy-Phe-Leu, 555.6 Da) and

3

times
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Angiotensin Il (Asp-Arg-Val-Tyr-1le-H s-Pro, 1046.2
Da). Concl usion [00391 This study characterizes the
webdogae48ed di fferent proteases on soybean neal PCT/US1088/059899

clear that fornol nitrogen renmains to be one of the

nost sensitive nmethods for determ nation of the am no
acid digestibility of soy proteins. The study shows

t hat a chabid fdterapntage campoiton ofehe badal eord-say Mgt i ne
proteases resulted in the highest anount of fornol

MEfHRGEN 1N an 1n vitro 2-Stpp met hodg/ 1hflgs
)UILIIEI SUPPO ted Uy llbﬁzv 'Tous
Sﬁg\dm%g%?,sgégftot soI ubl g protein, S&PAGE and
so sholws that SOS'¥PAGE coul d |be
Soye@ilddE &SQ@ﬂ(@alﬁﬂg eening topl for probélse or
Intietton (3R &ae systens for spybean neabg88as it
D iueshoshBate 28y icderes pof [ he proteolysis of the
or soy proteins. The afi np aci d andgygpot ei n
g;ﬂ \Embl l i t% of cornsoybean| neal di et @'lgor poul try
8’ i mproved by repl acing the neutral
Ninstad #Ea0iXn conmer ci al products with a%d4dl ti-protedse
Cysnigprethizadi ng to | ower feed cost andPOb hi gher
Tt@Mohopidef or mance. EXAMPLE 2 [ 00401 Toie ani mal tri al
was designed to determne the ileal am no acid

| i of soybean neal in broilers fed with
81 ?&E&Q odid “hati ons of pr ot eases. T?@ result shaws
Hd¢ PR Br ot ease system at| 7, 500u/ g nmor e

MEfeultiv kcalfkan neutral protepse al one 300t he sane
Ides®ge. M xt ures of bronel ai nf and neutr all5pr ot ease at
Me200yé gowere al so signifi cantly nore gkhective than

gﬁu@ral protease al one in increasing tE gam no aci ¢

gestibility of soybean neal. Mteria and Met hods
©041] Enzymes. AUthe enzynes used in tri al werle
prepared as described in Tabje 5. Diff@
Aocnlbled i ons of protease werje used in @éﬁmer ci al
enzyme product, with total protease activity at 2,
/

[0043] %ﬂ#raf‘l—ng%}% og ggg é 1? ngaglé ‘g};clé Y ckgf:kﬁ%fgé)%erg g&%&%h ﬁ%%ja local
hatchery #glpeartd Mﬁ‘ﬂg’or penobeasemaridl viattyr/ (gfovbafrahmt aitr2 Sviass of age, the

i deternined at pH.6.. Table 5. Proteas for
birds werg %315%%1 0 CgEoPr QA IAE A PSS T e R Fﬂ(db‘tlg g%&ﬂﬂ% with
relativel%}ghrcﬁ'lloﬁlb%é& 'w'%%h%r Wkl Bdl@t Alotal of 180 birds (of uniform body weight

range) were chosen and distributed into 36 groups (pens) of five birds each so that average

weights per pen is nearly equal. Each of the sic dietary treatments was then be randomly
assigned to six pens (six replicates per treatment). Diets were fed for 7 days. On the last day;, all
birds were euthanized, digesta from terminal ileum collected, pooled within a pen, freeze dried,
ground and stored at 4 C for further chemical analysis. The ingredient, diet and digesta were
analyzed for titanium marker and amino acids (including methionine and cystine).

[0044] Calculation. Apparent ileal AA digestibility in the diets was calculated, using the ratio of
these nutrients to titanium in the diet and digesta. Apparent ileal AA digestibility (AA) is

calculated as follows:
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1 Control 2 Neutral 2500 2500 3 Multi- 417 1667 417

2500 Protease 4 Neutral 7500 7500 5 Multi- 1250 5000
wa288/176B00 Protease 6 Neutral : 1667 833 2500 Brooe1088/059899

[00421 Diet . Broiler chickens were fed on a corn

soybean neal diets as shown in Table 6 for the first 7

days. Enzynes with different conbinations of proteases

were added to the basal4di B)s—644300g/t and

col d- pel | et ed attd7oC Dle Meye offered ad |ibitum

and water was avail abl e at a’II i mesTabl e 6.

Per cent age corrpositi on of the basal corn-soy diet

[00431 Ani R To
broil er chi c%< Msspsl) weltragk | ne&grg?{rg%hglﬂcal
hat chery a@dAtr/€d); edatioiof Adow tivatham dmileddigestal al

starter/ grower diets. At 25 days of age, the birds
were transferred to cages On day 25, birds were

[0045] p%ggﬁgsﬂs \Anlgileg a?asux%vée %ﬁea b by L %%%%W%g&gfﬁ/f }ﬂ@lls é)é&&g{r} QF the

SAS® vyigH pemmémsm ﬂm@pmngrhtal uran lelﬁmnedléﬂame% tetleen means were

i Gy R 20, 010,30, Shun LRRS) 1l L Bcss Sachics o

First, codfpailg aB sk teHa@héHtytocb@et &fﬁfge%ﬂwﬁorhﬁﬁﬁghﬁdlbmgpéﬂz‘yme treatments
assigned to six pens (six replicates per treatnent).

with thefiagalglisier e fed for 7 days. On the last day, all birds
wer e eut hani zed, digesta fromtermnal ileum
col | ected, pool ed within a pen, freeze dried, ground
ResultsamﬂDﬁst:@Ersﬁm at 4 C for further chem cal analysis. The
i ngredi ent, diet and digesta were_ana

| d f
[0046] Fhe ?HWPG AF e kisrbagpliais prnmarieed in T ﬁbﬁeJ\éi’Zfﬁ@ toagl{wiaﬁ peid
composgﬂ)ﬁ of¥ HeFx?)neal[&o ‘alﬁxlepgﬁlsc?w %dsl&lggﬁ) é&f)at e GRlas W élths tﬁ‘ﬁ‘gxpected

esti S usi ng
amino amdt bmnpésmdmm&henbnsa] dnt (sonre)ctd:d foa tietintlusion bete of ﬂ%}arsddso :

1ncludecggx|qgta‘fa§ eetﬁp gérﬁ]?e%{sp%\lli galln Aegen eSt bl lbtleo‘(%{at] ‘é}@ the exception of

Isoleucine, most of the amino acids in the basal diets were prov1ded by soybean meal.
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/3 - 7 [AA | Ti)d where, (AAt / Ti)d =ratio of AAto
titaniumin diet, and (AAt / Ti),- =ratio of AAto
W@ pGoan24sm i n il eal digesta. [0045] Data anal ysPGI/USZDh&059899
data was anal ysed by the General Linear Models
procedure of the SAS(r) with pen neans as the
experinmental unit. Significant differences between
Table 7ndamso awid profigp@b dtechatis) nfjithehesdl das in Sisgeridingoader Essential amino
Difference (LSD). Twackletf wideflin@tlysi s were carried
out. First, conparing all six treatnents together and
second, ca@apaoiacdsi ndi \Badaialietenzy ngoybeaatmedEnts w t h
the basal diet. Results and D scggsion (oPféed The
am no aci Gebmid&ipasal digt 1s summarized in Table 7.
The total %Q\Z%gl d con‘g%altl on of soybean meal 48,
n

as reporte dr oup Smt 5as we as t he

expect ed cids co it oneé%?t di et
(correct e%ﬁhe i nclu ’Tg‘%n r at 339 | s al so
i ncl uded H't™e table fo onparl son. It _can be seen

fromthe that withltdHe exc Qlon ot Ilsoleucine,
nmost of tYaliBei no acids W8t he badal dieP$3were

provi ded Byrasoy¢bean meal 1P8ble 7. Anmino acid profile
(% dry matMlanng of the b&d& diet in descending order.
Essenti al Gydimo aci ds ar €.8nder | i2x@d. AnD®8 aci ds
Basal di ePh&gydlgdne meal Bowbal Corxsxted (ggtamic acid

4.45 Asparkh&néici d 2. 13 pgol euci meg2. 01 2245 0. 81
Arginine AL 3.66 1.21 Bregline L. gp Lysphrg 1.13 3.07

1.01 Vallng:l[e'US 2.5 0. 8§6£yr03| Resgl. 02 gy

Histidine 0.58 1.31 0.43
Methionine 0.3 0.68 0.22
Cystine 0.28 0.71 0.23

[00471 Supplementation of protease, whether singly or in combination, resulted in significant
difference in some amino acids over the control diet. In this study, the total protease levels of the
treatments were fixed at 2,500 or 7,500u/g. The effect of mixture of proteases was compared
with that of neutral protease. Although the earlier in vitro study (Example 1) showed that mixture
of acidic, neutral and alkaline proteases at equal proportion released more formol nitrogen than
neutral protease alone, the higher cost of acidic and alkaline proteases over neutral protease
meant that the proportions of these 2 proteases have to be reduced to one quarter of that of
neutral protease. Likewise, the ratio neutral protease to bromelain was also adjusted according to
their relative cost difference. |

[0048] The effect of multi-protease on ileal amino acid digestibility was evident at 7,500u/g. As
summarized in Table 8 and Fig. 5, the number of amino acids with significantly improved ileal
digestibility resulting from multi-protease treatment at 7,500u/g was more than that by neutral
protease at the same activity. More importantly, the multi-protease has a significant positive
effect (p<0.05) on ileal digestibility of cystine. The improvement of cystine digestibility by
multi-protease by 2.9% over the control has a sparing effect of methionine, which is also used to

produce cysteine.
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Al anine 0.99 G ycine 0.87 2.07 0.68 Phenyl al anine 0.79
2.52 0.83 Leucine 0.69 3.83 1.26 Threonine 0.67 1.94
wWQ204/18819 ne 0.64 2.54 0.84 Histidine 0.58 1. 30CDUZR08/059899
Met hi onine 0.3 0.68 0.22 Cystine 0.28 0.71 0.23 [00471
Suppl enment ati on of protease, whether singly or in
conbi nation, resulted in significant difference in
TabkdTEfent Gf@r@teaﬂ:Supp'lememh‘eomﬂrﬂ,i(lﬂu/ gkbreﬂeal hlmutdlacsd dtgasi;b,lhty
t-he ota :
at 2, 500C8RT9. 5000/ g T
prot easesMEAs compar™eahi th t hBE of neutMS‘lm pr ot eaB®,
Al tAspugh OI%8 earlierOB2O vitro study (Exdnpd® 1) skhdsed
t halThrm xt@r745 of aci diog8 neut r @loland al kabi78e pr ot @88Ees
at @gual @eoportion paieased pwse fornolg g idrogen than

neutial pyggease al omggy t he hi gher cost @§pgci di c pand
aI kﬁ.[)l ne pgpd eases oyek neutral proteasg. grplant th@tm

ropo(rtﬂﬂpns of t@g(%e 2 prgtgases hay 8680
re ed té:) Lpe quart .pf that of neutrgl ot easg..
Li se, E e ratlo tral protease to 'igrelalnvké

al s¥*ad; s accord to their relati
di f#&rencd?> 00481 effect of multi- r?r%?t ease on

i | gt anmi h®3%ci d di e84 bility was evi deRfOat
7, SD@u/g 0.887 sunmar i &8 i n Table 8 and FP§l 5 t h8.05

nurtker of0.808 no aci d¥8¥ th si §8iLf i cant | y0.833pr oved0.05
I | s di ge83i bility 0.88Ulting from nul ti0-§F0t ease
trgaksment0.8§7 7, 500u/@8es.as nore than thatoly neutral
prqggase @874 he samep ggg i vityo.oybre imparggnt!y, bl

mulds- praj esse has g gjgni ficant positivergffect o
(p et05) (pgrﬁ I eaI dl(ggeﬁl bili ty of cyst '018978 The
SHAREOVELE . p

ﬁ(aﬁle le ated y I’ d

i act1v1ty Essential

ae tredl : ?B@Eés!‘ﬁraﬁ qurtl
Aol s B8 unddiihgdn 1S al so used to produce
cysteine. Table 8. Effect of protease supplenentation

[0049] BronfelaiQsl4 GyNEink bRA¢as@ tHahBastekfl wdllGasliddXot itt phaeaiabsiebical effect
on humalrlles utOrrrea Il)artl\l/clzjllllglg s-tl?cgyoltlaesaalso attributed the reduction of diarrhea in piglets to the
hydrolysis of K88 positive enterotoxigenic E. coli receptors by this protease (Chandler, D.S. and
Mynott, T.L. 1998. Bromelain protects piglets from diarrhea caused by oral challenge with K88
positive enterotoxigenic Escherichia coli. Gut 43:196-202). This study only focuses on the effect
of bromelain on amino acid digestibility when used in combination with a neutral protease. As
shown in Table 5, the number of amino acids with significantly improved ileal digestibility by
neutral protease:bromelain mixture at 2,500u/g was more than that by neutral protease at the
same activity. More significantly, 7 out of 9 essential amino acids were positively improved by
treatment with the neutral-protease:bromelain mixture (Table 9). The combination of bromelain
with another neutral protease, a zinc metalloprotease (Example 1), has a more profound effect of

amino acid digestibility. This clearly shows that the improvement in amino acid digestibility can

also be achieved by a mixture of proteases.
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Mean Mean P< Mean P< Asp 0.81 0.829 0.839 0.05 Thr
0.745 0.78 0.01 0.78 0.001 Ser 0.807 0.83 0.05 0.815
wW@aRws2488b5 0. 891 0.908 0.01 Pro 0.848 0.86 0. 8rAT/0S™18/059899
Gy 0.774 0.806 0.05 0.808 0.01 Ala 0.824 0.837 0.849
0.01 Val 0.811 0.82 0.833 0.01 lie 0.933 0.937 0.933
Leu 0.632 0.656 0.66 Tyr 0.897 0.904 0.91 0.05 Phe
TabDa % (Effe(at &%oﬁa@]suﬁplaﬁﬁnﬁtl% atHi SO(HI/ 18611116)3.1 &ﬁﬁncﬂacﬁd Sigestibility*.

0 759 0 ﬂﬂztrel 781 001 Nﬁﬂﬁr 875 0 874 Nﬁusﬁrﬁthrqmelm
are mean Meag replicMieas and tReir si gniMegance wi PR
conasl i 9.8Indi cat ed0.BY® P val ue. The nul @.B42 ot eas®.05
t r eglidrent 0 gont ai ned acigdi c, newiiral and @bkaline 0.05

prog&aseso@mratl o ofp.ghk:4:1 by gctivity.okssenti al
am @R, of @gggs are upderlined. [00491 Br@g@é ainis a

cyspel ne $ ease thatgchas been well stuglped for igtsy

ph coI al effe n hu N5 One p ul ar t dy

hagég:a 'El but ed gé é)redugltbl on of di 3(55 §:a in ?g&
te hydr o %s of K88 p03|t|v :

ent tOX‘ ic E cdi§ receptors by thi ot easd-03

(Chdadl er09B s, and %%tt T.L. 1998. 598 | ai n
pr dt&ct s Qrﬁgl ets froWbe arrhea caused byd-6¢4l

chalyrenge0BPT h K88 pd89P4i ve ent erot oxi gehPLod 0.01

Eschieri ch0.80%ol i . Gud.83K: 196- 208) . Thi s G83fdy onl W.01

f ocHes ongshe effectd.842 0.852 0.01
Lys 0.857 0.865 0.874 0.05
Arg 0.874 0.898 0.01 0.900 0.01
Cys 0.759 0.772 0.794 0.05
Met 0.875 0.874 0.875

*Values are mean of 6 replicates and their significance with control is indicated by P value. The
neutral protease:bromelain mixture neutral protease and bromelain at ratio of 4:2 by activity .
Essential amino of acids are underlined.

Conclusion

[0050]1 Multiple proteases, be it a combination of proteases with similar or different pH optima,
have significant effect on amino acid digestibility of corn-soybean meal diets in broilers. Multi-
protease system containing acidic, neutral and alkaline proteases at 7,500u/g was more effective
than neutral protease at the same activity in improving ileal amino acid digestibility. Mixture of
neutral protease and bromelain at 2,500u/g was also significantly better than neutral protease at
the same activity in improving ileal amino acid digestibility. Multi-enzyme products containing
multi-protease system will therefore achieve higher economic benefit through the energy and
amino acid sparing effects on the feeds.

[0051] The foregoing description and drawings comprise illustrative embodiments of the present
inventions. The foregoing embodiments and the methods described herein may vary based on the
ability, experience, and preference of those skilled in the art. Merely listing the steps of the
method in a certain order does not constitute any limitation on the order of the steps of the
method. The foregoing description and drawings merely explain and illustrate the invention, and

the invention is not limited thereto, except insofar as the claims are so limited. Those skilled in
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of bronelain on amno acid digestibility when used in
conbination with a neutral protease. As shown in Table
W@ 00h248munber of am no acids w th significantPgr/Us2008/059899

i mproved ileal digestibility by neutral
prot ease: bronel ain m xture at 2,500u/g was nore than
that by neutral protease at the sane activity. Mre

the art wdiogfavé thealidclosurebedore tidm 9ilebs et t@akermodifreiicks andrvariations

. positively ipproved b reatment with the

therein widhyt gﬁnaﬁ%eﬁ Ehdhecombphing HeRh G (Table 9). The
conbi nation of bronelain with another neutral
protease, a zinc netall oprotease (Exanple 1), has a
nore profound effect of amno acid digestibility. This
clearly shows that the inprovenent in am no acid
digestibility can al so be achieved by a m xture of
prot eases. Table 9. Effect of protease suppl enentation
at 2,500u/g on ileal amno acid digestibility* .
Control Neutral Neutral +Bronel ain Mean Mean P< Mean P<
Asp 0.81 0.829 0.842 0.05 Thr 0.745 0.78 0.01 0.772
0.05 Ser 0.807 0.83 0.05 0.834 Gu 0.885 0.891 0.896
Pro 0.848 0.86 0.868 0.05 Gy 0.774 0.806 0.05 0.805
0.01 Ala 0.824 0.837 0.854 0.01 Val 0.811 0.82 0.831
0.05 e 0.933 0.937 0.946 0.05 Leu .632 0.656 0.664 Tyr
0.897 0.904 0.916 0.01 Phe 0.803 0.834 0.01 0.836 0.01
His 0.831 0.842 0.852 0.01 Lys 0.857 0.865 0.874 0.05
Arg 0.874 0.898 0.01 0.900 0.01 Cys 0.759 0.772 0.794
0. 05
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Met 0.875 0.874 0.875 *Values are nean of 6 replicates
and their significance with control is indicated by P
W@ 2008@248The neutral protease: bronel ai n m xt ur ePCEUS2088/059899

protease and bronelain at ratio of 4:2 by activity .
Essential am no of acids are underlined. Concl usion
f 00501 Multiple proteases, be it a conbi nati on of

We claipt ot eases with simlar or different pH optima, have
significant effect on anmino acid digestibility of
corn-soybean neal diets in broilers. Miltiprotease

1. A58 foP Hﬁéljowng G A& Bi1it) ¥ h bRlteiddoRd dRhhIRed, comprising the
proteases at 7,500u/g was hore effective than neutra
steps ofpr ot ease at the sane activity in inproving ileal amno
cid di.gestibility. xture of n ral. protease.and o
BF oty Sompiussin b riaiishs Sl BRPI S5 PaE of acidi
t han Jmediine dndHeatr 836 eddes td1Bie pRdtBInacdoLY htidhal feed; and
inproving ileal amno acid digestibility. Milti-enzyne |
(® odustistagong diemrotgases prd arpm@?@&@ gy wdegqnditions conducive to
t her . i~eve hj I ] [ rough the
enor gy BN Ry B I FARBBZR BERRAT b LT
[ 00511 The foregoing description and drawi ngs conpri se
il lustratjve enbodi nents of the present inventians.

2. Amethorasdsting @ hafiesem e B RETETcHG AR e i lected from

e oSS PATITRY RS BRAE 0 O b A RXREBAEIS i 8 s
cassavattadegtvepst, ohtst tye, mdtehedrghung anéritai n or der does not

constitute any limtation on the order of the steps of
t he net hod. The foregoing description and draw ngs

3. Aei@hod RdREalindMind 1, WistdiatR dobdindiés o hfeasaiid stiB&ed to
invention is not limted thereto, except insofar as

increasetthedigesiibility @f erotein phdrima,. acfdsose skill ed i nthe art who
have the di scl osure before themw Il be able to make
nodi fications and variations therein w thout departing

4. A nmddie REaeEin@fiaitng finflye RbnpfisiMe tiel stdpBf aliding dieton@tbre feed
for inproving the digestibility of a proteinaceous

enzymegpstleetdd frern dhe gowpeinsistigs ohe-amyasss.afectiqasgys, oxlneagases, cellulases,

conbination of prote S selected fromthe grou .
xylanas SRRl o Ry B aPRTAGaR s Pl iRty PO, aigblinsses and
optionallyPcdnMin® RItE 1RARRVH IysdMcitRinsf eed; and (b) mai ntai ning

the proteases and aninal feed mixture under conditions

conducive to the activity of the proteases in
5. K)ﬁgeccﬁ)oldy & irrﬁ%r()tvl?r?g gaurt] Ihg?llth &e a%dainimal, comprising the step of feeding the

animal the product of claim 1.

6. A method of protecting an animal against infection by an enteric pathogen, comprising

the step of feeding the animal the product of claim 1.

7. A method as defined in claim 1, wherein the step of maintaining the proteases and animal

feed mixture occurs in the gastrointestinal tract of an animal to which the mixture has been fed.
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2. Anethod as defined in claim1l, wherein the
prot ei naceous animal feed is selected fromthe group
weosiisesing of soybean neal, corn, faba beans, Par/ys2008/059899
distillers grains, pal mkernel neal, cassava, barl ey,
wheat, oats, rye, mllet, sorghum and rice. 3. A
met hod as defined in claim1, wherein the conbination
8. Afmgiiaat sale@ised 51 dael vetrdio tHeronéaisas tdreucive esthielattivityyof each
of protein_and am.no acids. (4. A nethod as defined in
of the Pr@Feé?erﬁ 2e d‘?@ﬁ“ﬁ & ‘{PgnSWBP jlagei gt ﬁ’i‘?egaétf%‘ﬁteétﬂnaiga?tn g one or
nore feed enzynmes selected fromthe group consisting
of a-anyl ases, pectinases, b-glucanases, cellul ases,
xyl anases, phytases, gl ucoanyl ases, pull al anases,
a- gal act osi dases, mannanases, and |i pases and
optionally conbined with lecithin or lysolecithins. 5.
A nmet hod of inproving gut health of an animal,
conprising the step of feeding the aninmal the product
of claiml1l. 6. A nethod of protecting an ani mal
agai nst infection by an enteric pathogen, conprising
the step of feeding the animal the product of claiml.
7. A nethod as defined in claim1l, wherein the step of
mai ntai ni ng the proteases and animal feed m xture
occurs in the gastrointestinal tract of an aninmal to
whi ch the m xture has been fed.8. A nethod as defi ned
in claim7, wherein the conditions conducive to the
activity of each of the proteases are different at
different stages of the gastrointestinal tract.
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